Activation of protein kinase C increases acetylcholine release from frog motor nerves by a direct action on L-type Ca(2+) channels and apparently not by depolarisation of the terminal.
The effects of the dihydropyridine Ca(2+) channel antagonist nimodipine and the protein kinase C inhibitors staurosporine and calphostin C on the changes in the electrophysiological indices of quantal acetylcholine release induced by a 4-beta-phorbol ester were studied at the frog neuromuscular junction. 4-beta-Phorbol 12-myristate 13-acetate (200 nM) caused an increase in the frequency of miniature endplate potentials and miniature endplate currents and in the quantal content of endplate potentials and endplate currents. These effects were not replicated by 4-alpha-phorbol 12,13-didecanoate (200 nM). Nimodipine (1 microM) itself had no effect on the frequency of miniature endplate potentials and miniature endplate currents and it had no effect on the quantal content. Nimodipine inhibited by 83-98% the increase in these parameters induced by 4-beta-phorbol 12-myristate 13-acetate. The increase in the frequency of miniature endplate potentials and currents caused by KCl (12 mM) matched the increase caused by 20 min exposure to 4-beta-phorbol 12-myristate 13-acetate. Nimodipine did not reduce the increase in frequency caused by KCl. Unlike 4-beta-phorbol 12-myristate 13-acetate, KCl (12 mM) prevented neuromuscular transmission. The effects of prior exposure of muscles to staurosporine (5 microM) on 4-beta-phorbol 12-myristate 13-acetate-induced increases in quantal acetylcholine release were inconsistent. In some pretreated fibres, 4-beta-phorbol 12-myristate 13-acetate caused increases in miniature endplate potential frequency and quantal content which were as great as the largest values encountered in fibres that had not been pretreated. In others, 4-beta-phorbol 12-myristate 13-acetate did not have a marked effect; the frequency of the spontaneous potentials and the quantal content of endplate potentials recorded in the presence of 4-beta-phorbol 12-myristate 13-acetate were sometimes less than their respective control values. Pretreatment with calphostin C (500 nM) was more consistent; it prevented by 93-100% the 4-beta-phorbol 12-myristate 13-acetate-induced increases in the frequency of miniature endplate potentials and quantal content.Overall, from these results we suggest that activation of protein kinase C increases quantal acetylcholine release by opening quiescent L-type Ca(2+) channels in motor nerve terminals at resting potential and apparently not by depolarisation.